Abstract We present accurate positions and multi-color photometry for 41 star clusters detected by Melnick & D'odorico in the nearby spiral galaxy M33 as a part of the BATC Color Survey of the sky in 13 intermediate-band filters from 3800 to 10 000Å. The coordinates of the clusters are found from the HST Guide Star Catalog. By aperture photometry, we obtain the spectral energy distributions of the clusters. Using the relations between the BATC intermediate-band system and U BV RI broadband system, we derive their V magnitudes and B − V colors and find that most of them are blue, which is consistent with previous findings.
INTRODUCTION
Hubble did the pioneer work in the discovering of star clusters in M33. He detected 18 diffuse objects and showed that these objects were quite different from the globular clusters of M31: Hubble found that these objects of M33 are about 1.5 magnitudes fainter, and that the brightest and best investigated ones are bluer (see details from Sharov & Lyutyi 1984) . Before 1982, there are only a few dozen cluster candidates in M33 known. Christian & Schommer (1982) detected more than 250 non-stellar objects using 14 × 14 inch 2 unfiltered, unbaked, IIa-O focus plate exposed for 150 minutes with the Kitt Peak 4 m Richey-Chrétien (R-C) direct camera. Recently, Chandar, Bianchi & Ford (1999 ) discovered 168 star clusters from 55 deep Hubble Space T elescope (HST) WFPC2 fields from their program and the HST archive, 130 of which were previously unknown. We should emphasize that the high spatial resolution of HST images can guarantee the identification of star clusters from their shape (see details from Chandar, Bianchi & Ford 1999) . Most candidate clusters detected from the ground-based work lie in the outskirts of the parent galaxy, while the HST images allowed Chandar, Bianchi & Ford (1999 ) to penetrate into the crowded, spiral regions of M33.
The importance of the study of star clusters can hardly be overstated, especially in the Local Group galaxies. Star clusters, which represent, in distinct and luminous "packets", single age and single abundance points, and encapsulate at least a partial history of the parent galaxy's evolution, can provide a unique laboratory for studying the global properties of the parent galaxy.
M33 is a small Scd Local Group galaxy, about 15 times farther from us than the LMC (distance modulus 24.64) (Freedman, Wilson & Madore 1991; Chandar, Bianchi & Ford 1999) . It is interesting and important because it represents a morphological type intermediate between the largest "early-type" spirals and the dwarf irregulars in the Local Group (Chandar, Bianchi & Ford 1999) . Moreover, at a distance of ∼ 840 kpc, M33 is the only nearby late-type spiral galaxy, so it can provide an important link between the cluster populations of earlier-type spirals (Milky Way galaxy and M31) and the numerous, nearby later-type dwarf galaxies. For example, using 157 HST/WFPC2 images of M31, Barmby & Huchra (2001) found 82 previously cataloged globular cluster candidates as well as 32 new globular cluster candidates, and estimated the total number of such objects in M31 as 460 ± 70. In contrast, Schommer et al. (1991) estimated the total number of "true" globular cluster population of M33 to be only ∼ 20. What is the reason for such a large difference in the number of globular clusters for these two nearby spiral galaxies? It should be mentioned that Chandar, Bianchi & Ford (2001) 's estimate of the total number of globular clusters in M33 is higher at 75 ± 14.
M33 was observed as part of the galaxy calibration program of the Beijing-Arizona-TaiwanConnecticut (BATC) Multicolor Sky Survey (Fan et al. 1996; Zheng et al. 1999) Ma et al. (2001) studied the 57 star clusters of Chandar et al. (1999) , and obtained their spectral energy distributions (SEDs) by aperture photometry, and estimated their ages by comparing the integrated photometric measurements with theoretical stellar population synthesis models of the clusters.
In this paper, we locate the coordinates of the sample clusters (Melnick & D'odorico, 1978 ) using the HST Guide Star Catalog, and obtain their SEDs by aperture photometry. Details of the observation and data reduction are given in Section 2 and a summary is given in Section 3.
SAMPLE OF STAR CLUSTERS, OBSERVATIONS AND DATA REDUC-TION

Sample of Star Clusters
The sample of star clusters in this paper is from Melnick & D'Odorico (1978) , who detected 58 stellar clusters in M33. Melnick & D'Odorico (1978) selected all objects brighter than m(B)
19.5 magnitudes that appeared clearly non-stellar on a baked IIIa-J+GG385 plate. This plate, which covered a field of about one degree in diameter, was exposed for 4 hours with the 1.52 m Ritchey-Chretien telescope (f/8.75) at the Palomar Observatory. All objects selected were then cross-checked using the H α map of Boulesteix et al. (1974) to eliminate emission line objects. The remaining objects were then re-examined on the blue, visual and H α plates of M33 from the 1.82 m Asiago telescope collection. The authors had a final list of 58 cluster candidates, which they marked on the plate. However, they did not give the coordinates of these clusters. In this paper, we will give their coordinates using the HST Guide Star Catalog. Figure 1 shows the image of M33 in filter BATC07 (5785Å), the circles mark the positions of the sample clusters of (Melnick & D'odorico, 1978) . Clusters 51 and 58 are outside our images. 
Observations and Data Reduction
Our large-field, multi-color observations of the spiral galaxy M33 were obtained in the BATC photometric system. The multi-color BATC filter system, which was specifically designed to avoid contamination from the brightest and most variable night sky emission lines, comprises 15 intermediate-band filters, covering the total optical wavelength range from 3000 to 10 000Å. The images of M33 covering the whole optical body of M33 were accumulated in 13 intermediate band filters with a total exposure time of about 32.75 hours from 1995 September 23 to 2000 August 28. The dome flat-field images were taken by using a diffuse plate in front of the correcting plate of the Schmidt telescope. For flux calibration (see Zhou et al. 2001; Yan et al. 1999 for a detail), the Oke-Gunn primary flux standard stars HD19445, HD84937, BD+262606 and BD+174708 were observed during photometric nights. Column 6 in Table 1 gives the calibration error, in magnitudes, for the standard stars in each filter. The formal errors we obtained for these stars in the 13 BATC filters are ∼ < 0.02 mag. This indicates that we can define the standard BATC system to an accuracy of ∼ < 0.02 mag. The data were reduced with standard procedures, including bias subtraction and flat-fielding of the CCD images, with an automatic data reduction software named PIPELINE I developed for the BATC multi-color sky survey (see Ma et al. 2001 Ma et al. , 2002a for a detail).
Coordinates of Star Clusters
By comparing Figure 1 of Melnick & D'Odorico (1978) with our Xionglong Schmidt image, we obtain the coordinates of the clusters listed in Table 2 . In the course of the work, we noticed that some clusters were common to Melnick & D'Odorico (1978) and Chandar, Bianchi & Ford (1999 ), namely, clusters 11, 12, 14, 15, 17, 20, 22, 24, 25, 26, 30, 42, 47, 48, and 55 in Melnick & D'Odorico (1978 ) are, respectively, clusters 114, 16, 151, 150, 90, 110, 112, 61, 104, 4, 33, 55, 70, 72, and 81 in Chandar, Bianchi & Ford (1999 . The coordinates of these have been given by Chandar, Bianchi & Ford (1999 ) and their SEDs have been obtained by Ma et al. (2001 Ma et al. ( , 2002a Ma et al. ( , 2002b . 
Integrated Photometry
For each star cluster, the PHOT routine in DAOPHOT (Stetson 1987 (Stetson , 1992 ) was used to acquire its magnitudes. To avoid contamination from nearby objects, a smaller aperture of 6.8 , which corresponds to a diameter of 4 pixels in Ford CCDs, was adopted. The aperture corrections were computed using isolated stars. Finally, the spectral energy distributions of 41 star clusters in 13 BATC filters were obtained. Table 3 contains the following information: Column 1 is cluster number which is taken from Melnick & D'odorico (1978) . Column 2 to Column 14 show the magnitudes in the different bands and the second line of each entry gives the corresponding uncertainties. The uncertainties for each filter are given by DAOPHOT. Using the Landolt standards, Zhou et al. (2001) presented the relations between the BATC intermediate-band system and U BV RI broadband system using the catalogs of Landolt (1983 Landolt ( , 1992 and Galadí-Enríquez et al. (2000) . 
Using equations (1) and (2), we transformed the magnitudes of 41 star clusters in BATC03, BATC04 and BATC05 bands to their B magnitudes, and those in BATC06, BATC07 and BATC08 bands to their V magnitudes. The values of V (BATC) and (B − V ) (BATC) of these clusters are listed in Table 2 . Figure 2 displays, for the star clusters, their flux distribution in the 13 BATC filters. For convenience, the fluxes are plotted relative to the flux in the filter BATC08 (λ = 6075Å). From this figure, we can see that cluster 7 has strong emission lines. 
SUMMARY
In this paper, we have, for the first time, obtained the SEDs of 41 star clusters of M33, that were detected by Melnick & D'odorico (1978) . Our work can be summarized as follows.
1. Using the Beijing Astronomical Observatory 60/90 cm Schmidt Telescope we have obtained images of the 41 clusters in 13 intermediate-band filters from 3800 to 10 000Å, and hence derived their spectral energy distributions.
2. The coordinates of these clusters were found from the HST Guide Star Catalog.
3. From the relations between the BATC intermediate-band system and U BV RI broadband system, we have derived their V magnitudes and their B − V colors. Most of the clusters are found to be blue.
